All of the. foregoing indicates the importance of the X-ray diffraction study of liquids and adds. strong evidence in favor of the interpretation on the basis of a molecular space array. The existence of this array or cybotaxis is of fundamental interest in an understanding of physical phenomena in liquids.
In a previous paper2 the spherical atoms proposed by W. L. Bragg and W. P. Davey have been specialized and the cubic atom proposed by Lewis and developed by Langmuir extended to simple polyhedrons inscribable in spheres. It was shown in detail how these simple models could be built up into the various types of observed cubic and hexagonal lattices and how the lattice constants were geometrically related to the atomic radii. In the case of diamond and of graphite, it was found that these lattices could be built up of cubes having one corner (electron) shared in common and that the radius (half the body diagonal) was equal to 0.77 A in diamond and 0.75 A in graphite, giving a mean value for the radius of the carbon atom of 0.76 A over the extremely wide range of physical conditions between diamond and graphite. This paper is an account of the application of these ideas to the wellknown problem of the structure of the benzene ring. A model of the benzene ring built up of cubes having corners shared in common, will first be presented by giving the coordinates of the cube centers (carbon nuclei) and the cube corners (possible electron positions) in terms of a parameter R (radius of the carbon atom) as is customary in point group theory. This will be followed by a note on the construction of a model of the benzene ring at a scale of two inches to the Angstrom which represents a magnification of approximately 500 million diameters. After this there will be a brief discussion of the properties and possibilities of this model. A study of these coordinates indicates that twelve cube corners (electron positions) are on the surface of a sphere whose radius is 1.155 R, that the six cube centers (carbon nuclei) are located on the surface of a concentric sphere of radius 1.394 R and that the remaining twenty-four cube corners (possible electron positions) are all on the surface of a third concentric sphere whose radius is 2.134 R.
Coordinates of the
The Construction of a Scale Model of the Benzene Ring.-For the study of the properties of complex lattice and molecular structures three dimensional models are a necessity. It is also convenient to have them made to scale. For a study of the general arrangement of the atoms a scale of 2.5 cm. to the Angstrom is most convenient, but for studying the fine structure it is better to double this and use 5.0 cm. to each 1 X 10-8 cm. An inexpensive and simple way of making these models is to lay off a plan, at the scale required, on a wooden base and represent the nuclei and "possible electron positions" by colored spheres set on vertical rods. Figure 1 is a scale plan of this model of the benzene ring together with the approximate locations of the atoms of the possible substitute4 groups attached to the ring which are lettered (1.), (2), (3), (4), (5) and (6).
To construct a model at a scale of five centimeters to the Angstrom:
The radii of the circles through the points C, F and H are, approximately, 4.4 cm., 5.3 cm. and 6.2 cm., respectively. The vertical positions measured in centimeters above (+) and below (-) the equatorial plane of the model are, Centers of carbon atoms (B) +3.1 cm., (E) -3.1 cm., Centers of substituted atoms (1), (3) and (5),-0.3 cm., (2), (4) and (6) +0.3 cm., Cube corners (possible electron positions) (A) +3.6 cm., (a) -3.6 cm., (C) 0.0 cm., (F) +6.1 cm., (G) -6.1 cm., (H) +2.5 cm. and -1.9 cm., (K) -2.5 cm. and +1.9 cm. 0 1 ,5-cqk toi ,"Is. It will be noted that nothing has been said so far in regard to the position of the hydrogen atoms in benzene itself or in its substituted compounds. The modern notion of the hydrogen atom in combination is that the single electron which belongs to it fills in one of the "electron positions" of the atom attached leaving the hydrogen atom alone in the space outside of the attached atom. The hydrogen nucleus, even at the enormous magnification of these models (and the same applies to all other nuclei), can be considered simply as a point without volume. It is only in rare cases, such as lithium hydride, where negative hydrogen is known to exist that the hydrogen atom in combination can be thought of as occupying an appreciable volume. With all other atoms this is not the case and their volume must be taken into account. Hence the positions in space of the hydrogen atoms attached to carbon atoms may well be quite different from the positions of the atoms of the substituted groups attached to carbon atoms which have been substituted for hydrogen. This possibility may account for the well-known inert character of benzene itself compared with the relative ease with which chemical reactions take place when one of the hydrogen atoms has been removed and a group such as OH or CH3 has been added in its place. For the solutions of the problem of the position of the hydrogen nuclei in benzene itself, the application of the model herewith presented to the interpretation of the X-ray data on crystalline benzene seems a very promising lead. Furthermore, this model may offer an important clue to the solution of the problem of determining whether a given benzene mono-derivative shall give a meta-di-derivative or a mixture of ortho-and para-di-derivatives. The explanation of the so-called Crum-Brown Rule and its deviations is undoubtedly bound up in the problem of unsaturation mentioned above. For example, does each carbon atom of the ring in phenol lack one electron of filling its eight "possible electron positions" or do three of the carbon atoms lack two electrons each while the remaining three carbon atoms have all their "possible electron positions" filled, or is there some other combination?
In conclusion, the main purpose of presenting this detailed scale model of the benzene ring at this time is to offer a means by which the results of the X-ray analysis of benzene derivatives can be interpreted and the fine structure of their lattices determined.
Finally In 1916, Ogg and Hopwood2 made a preliminary investigation of the structure of the sulphates of potassium, rubidium, caesium and ammonium sulphates by means of reflection measurements and suggested that an elementary orthorhombic lattice containing four molecules seemed in best accord with their data but they did not determine the space group nor the fine structure of these sulphates.
Bradley,3 using the powder method of analysis, examined the crystal structure of lithium potassium sulphate and while his analysis of the part which the structure of the SO4 ion plays in determining the nature and dimensions of the crystal lattice is of interest it does not throw much light on the internal arrangement of the large number of orthorhombic salts of the type R2S04 which crystallize without water of crystallization.
Vegard,4 in studying the constitution of mixed crystals and the packing effect of the atom, made use of the powder method of analysis as developed by Debye and Scherrer,5 and independently by Hull. He includes among his photographs one of potassium sulphate and one of ammonium sulphate but gives no further data except to place them in the orthorhombic system and to class them as isomorphous. IVOiL. 13, 1927 
